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h O J &  

Mound Site Plume Treatment 
System 

East Trenches Plume Treatment 
System 

1.0 INTRODUCTION 

Contaminant Type Treatment Process 

vocs Passive collection trench with submerged zero- 
Radionuclides valent iron treatment cells 

VOCs Passive collection trench with submerged zero- 
valent iron treatment cells 

This report describes calendar year (CY) 2002 activities and performance monitonng data for five 
groundwater collection and treatment systems and a treatability study at the Rocky Flats Environmental 
Technology Site (RFETS) Table 1 summanzes these six projects and the groundwater treatment 
processes employed 

OU 1,88 1 Hillside Groundwater 
Treatment System 

OU7, Present Landfill Passive 
Seep Intercephon and Treatment 
System 

Table 1. Groundwater Treatment Projects at RFETS 

VOCs 
Radionuclides 

Collection well with ultraviolet light / hydrogen 
peroxide treatment followed by an ion exchange 
process 

Passive seep interception system with passive 
aerahon treatment 

vocs 

PU&D Yard Plume Treatability 1 Study 

Solar Ponds Plume Treatment 
System 

VOCs 

Nitrates 
Uranium 

Passive collection trench with solar-powered pump 
and submerged bio-reactors containing wood chips 
and zero-valent iron 

In situ bioremediation using HRC@, a polylactate 
ester 

8 

The mod~ficd treatment system can now treat a vanety of components (see !&xtton 5) The process units Lrrted rcpmcnt those 
components tiom the ongmal treatment system that were designed to treat this contaminant stream. 

This report provides information on the performance of each of these systems from January 2002 through 
December 2002 The pnmary purpose of these groundwater treatment projects is to prevent contarmnants 
in groundwater fiom entenng surface water and affechng downstream receptors 

The passive bamer treatment systems are designed to intercept a groundwater plume at its distal end, 
either before it reaches the surface (1 e the Mound Site, East Trenches Plume, and OU1 Treatment 
Systems) or at the pomt where it actually reaches the surface (1 e the OU7 Treatment System) These 
systems are effective in low-flow, low-permeability regmes With the exception of the OU1 Treatment 
System, all of these collection/treatment systems are essenhally passive, low-maintenancdlow-profile 
systems that are designed for long-term treatment 

The Property Utilization and Disposal (PU&D) Treatability Study differs from the groundwater treatment 
systems in that it is an in situ process that treats the source area of the plume rather than capmng a 
plume front It also addresses both soil and groundwater contamtnation 

-7 
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2.0 MOUND SITE PLUME TREATMENT SYSTEM 

The Mound Site Plume Treatment System uses reactive bamer technology to collect and treat 
contaminated groundwater denved from the Mound Site area The source area was excavated as an 
accelerated achon in 1997 Installation of the 220-foot-long collection system and two treatment cells 
containing reactive iron was completed in 1998 (Figure 1) The system is designed to meet the Tier I1 
Groundwater Action Levels (ALs) defined in the Rocky Flats Cleanup Agreement (RFCA) (DOE, 
CDPHE, EPA 1996) The Mound Site Plume Treatment System employs innovative technology to treat 
groundwater contaminated with chlorrnated organic compounds and low levels of radionuclides The 
effechveness and feasibility of using this technology at the Site was demonstrated by this project 

The Mound Site Plume Treatment System project was a cooperative effort between RFETS and the U S 
Department of Energy (DOE) Subsurface Contaminant Focus Area (SCFA), with support from the U S 
Environmental Protection Agency (EPA) Supexfund Innovative Technology Evaluation (SITE) Program 
Funds were provlded by SCFA in fiscal year (FY) 2000 for additional sampling beyond that required by 
the Mound Site Plume Decision Document (DOE 1997a) This additional sampling provided extensive 
data regarding the feasibility and effectiveness of reachve bamers 

2.1 Project Activities 

Dunng CY2002, system maintenance included ralung the media in the reaction vessels about 14 times 
over the course of the year Media raklng has been reduced because the crust formation continues to be 
mlnimal In addihon, the flow measurement flumes and lines were cleaned about four hmes Site 
personnel performed quarterly water level momtonng and semiannual analytical sample collechon 

2.2 Treatment Effectiveness 

The volume of water treated at the Mound Site Plume Treatment System was significantly influenced by 
the ongoing drought For the prrod January 2002 through ad-December 2002,53,000 gallons of 
contarmnated water flowed through the treatment system. In 2001,119,000 gallons were treated The 
total volume of groundwater treated as of December 16,2002 was approximately 833,000 gallons 
Measured flow rates ranged from below 0 01 gallons per m u t e  (gpm) in July and August, to a high flow 
rate of 0 99 gpm on March 4, which is probably associated with a precipitation event Monthly average 
flow rates range from 0 034 to 0 24 gpm 

Figure 2 shows the average monthly flow rate for the Mound Site Plume, East Trenches, and Solar Ponds 
Treatment Systems compared to precipitatlon The effects of the drought can be seen Although m the 
past the Mound Site Plume Treatment System was responsive to precipitation events, as can be seen from 
Figure 2, the response might have been dampened due to effects of the drought Th~s is particularly 
noticeable in July, when there were some significant rainstorms but little was seen going into the 
treatment systems This may be a result of more runoff and less infiltration due to the dry soils and lack 
of vegetation, plus absorphon by the dry soils 

Groundwater levels within the collection trench were monitored quarterly at five piezometers The 
piezometer at the west end of the collection trench (Piezometer 16199) was dry throughout the year, as it 
has been m the past Due to the drought, water levels measured in the remaining piezometers were not as 
constant as they have been in the past Three of these piezometers (Piezometers 16299,16499, and 
16599) were dry at different times throughout CY2002 Only the piezometer near the center of the trench 
(Piemmeter 16399) had water throughout the year 
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j East Trenches- Mound a Solar Ponds Plume- Total Flow- Predpttation (inchesd 

Figure 2. Comparison of Monthly Precipitation to the Average Monthly Flow Rate for 
Mound Site Plume, East Trenches Plume, and Solar Ponds Plume Treatment Systems 

Well # 
15199 

Flow 
1 Rate 

(gpm) 

I 

I 

I 
I 

i 
I 
I 

Location 1/8/02 4/8/02 7/2/02 I 10/2/02 
Eastern 5917 38 5918 27 5918 881 5917 06 

5 

15399 
15499 
15599 

Monthly 
Precipitation 
5 (inches) 

Upgradient 5916 75 5916 90 5916 27 5913 15 
Upgradient 5917 35 Dry 591557 5915 57 
Downgradient Dry D r Y D r Y  Dry 

5 

5 

Groundwater levels were also monitored quarterly at seven locations surroundmg the collection trench 
(three upgradient, three downgradient, and one to the east) as shown m Table 2 Groundwater elevabons 
m wells upgradient of the collectron trench ranged fiom 5913 to 5917 feet above mean sea level (msl), 
about one to four feet lower than in CY2001 The groundwater elevabon downgradient of the collechon 
trench was about 10 feet lower in Well 15699 The other two downgradient wells were dry throughout 
the year These data indicate that the collecbon system is worlung as designed and that flow IS toward 
the trench when water IS present. Seasonal water level fluctuat~ons are apprommately two to three feet at 
both upgradient and downgradient wells Groundwater elevabons 111 Well 3586, near South Walnut 
Creek, were at an elevation of 5905 feet above msl, smilar to the creek elevabon of 5,903 feet. However, 
in July, this well also was dry 

115299 h a a d l e n t  I Drvl Drvl Drvl Drvl 

15699 ]Downgradient I Dry1 Technically Dry1 Dry1 Technically Dry 
15799 IDownmdtent I Dry1 ml Dry1 DTY 
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Contaminant 

Acetone 

Benzene 

Bromomethane 

2-Butanone 

Carbon Tetrachlonde 

Carbon Disulfide 

Chloroform 
Chloromethane 

CIS 12-Dichloroethene 

Dibromochloromethane 

1 , 1  -Dichloroethene 

1,l -Dichloroethane 

1,2-Dichloroethane 

1,3-Dichloropropane 

1,2-D1methyl Cyclopropane 

2-Methyl- 1-Propene 

Propene 

1,1,1 -Tnchloroethane 

Tnchloroethene 

Tetrachloroethene 

Amencium-24 1 

Total Uranium 

- Notes 

2.2.1 Treatment Svstem Effectiveness 

Reactor 2 Effluent 
Influent (RlI) W E )  RFCA Tier 11 

Concentrahon Range Concentration Groundwater AL Unit 

ND 9 4  3,650 ug/l 

ND 0 38 5 ugn 

ND 3 2  21,900 ug/l 

110-155 ND 5 ugn 

26-27 5 ND 100 UgA 

11 3-24 1 8  70 ugcl 

24 ND 101 ug/l 

1 0 6 4 5  ND 7 UgA 

0 49J-1 25 1 4  5 ug/l 

0 51J ND 5 ug/l 

0 6J ND - u g n  
ND 3 1  - w  
ND 4 - u g c l  

ND 7 6  200 ugl 

2 9  ND 200 ug/l 

46 8-76 ND 5 U g A  

33 6-41 ND 5 ug/l 

6 91-7 51 ND 284 pcdl 

Range 

ND 1 1  511 ugA 

I31 ND 3,650 ugA 

ND 31 655 ug/l 

ND 0 0063J 0 145 pCdl 

Analytical results continue to show that the treatment system is effectively removing the volatile organic 
compounds (VOCs) and radionuclides Semiannual analytical sample results are summanzed in Table 3 
The contaminants of concern are chlonnated solvents and uranium 

Table 3. Summary of Mound Site Plume CY2002 Sampling Events 

P 
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The pnncipal organic contaminants entenng the treatment system are tetrachloroethene, tnchloroethene, 
carbon tetrachlonde, and their degradation products Uranium isotopes are present in the influent but are 
removed below detection limits in the emuent Americium-24 1 was present in one effluent sample 

A number of addihonal compounds are found in trace concentrations Carbon disulfide and 1,3- 
dichloropropane are either contaminants that are present in trace quantities or the result of cross- 
contamnation at the laboratory If they are present, it appears likely that the treatment process is 
effectlve in removmg these as they do not appear in the effluent Bromomethane and 
dibromochloromethane are probably laboratory surrogates, since these are unlikely to be found in this 
environment The sample collected in Apnl2002 contained low concentrations of acetone, benzene, 2- 
butanone, chloromethane, 1,2dimethyl cyclopropane, 2-methyl-1 -propene, and propene These are likely 
a result of laboratory crosscontamnation because these do not appear in the influent and, with the 
exception of chloromethane, are not degradation products The sample taken six months later did not 
contain any of these constituents 

At this hme, there does not appear to be any evidence that the iron is bemg depleted Removal 
efficiencies for tetrachloroethene, tnchloroethene, and carbon tetrachlonde conbnue to be greater than 99 
percent This demonstrates the long-term treatment capability that was anticipated when the project was 
inihated 

Influent concentrabons mcreased slightly this reporting penod, most likely because of the extended dry 
conditions 

As part of the investigabon of Indindual Hazardous Substance Site (IHSS) Group 900-2, an area of soils 
with elevated levels of chlonnated solvents has been found to the southwest, at IHSS 153, Oil Burn Plt 
No 2 This area appears to be an additional source for the Mound Site Plume The idenhficahon of this 
source area wll  not have an impact on the operation of the Mound Site Plume Treatment System, since 
the collection trench already intercepts the distal end of the plume Addibonal mfonnation on this 
potential source area can be found in the Charactenzation Data Summary for IHSS Group 900-2 (DOE 
2002) 

2.2.2 Downeradient Water Ouahty 

As stated in the Final Mound Site Plume Decision Document (DOE 1997a), the collechon system was 
installed near South Walnut Creek “to capture the contamnated groundwater to the extent practicable ” 
The wells downgradient of the collection system are located withm the cut-off, downgradient portion of 
the plume, which was not mtended to be treated 

Groundwater contamnants in the downgradient area may persist at approximately the same 
concentrations as before the system was installed because migration of upgradient contamnants has been 
cut off and there is less groundwater flow into the area to flush out residual contaminants A mnor 
amount of clean groundwater from outside the capture area of the collechon trench may flow into the 
downgradient area once it has passed the trench due to the hydraulic gradient that the collection trench 
induces Eventually, some contamnants could move downgradient or degrade, but this wll  llkely be a 
relatively slow process 

Figure 3 is a schematic model of downgradient flow Water elevabons are shown graphically in Figure 4 
The hydraulic gradient induced by the trench can be seen in the dfference in water elevations dnving the 
water from the edges of the capture area, toward the center of the downgradient portion of the plume 
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Figure 3. Conceptual Model of plow Downgradient from Mound Collection Trench 

The groundwater elevahon m Well 15199, at the eastern edge of the collechon trench, is about seven to 
10 feet hlgher than downgradient Wells 15799 and 15599 At the center o f  the downgradent area, Well 
15699 has a lower groundwater elevabon, mdicatmg that a gradient exists from the outside edge of the 
capture area toward the center o f  the downgradient area Although there is a steep hydraulic gradient, 
groundwater flow is mnimal because there is little groundwater m the area Based on groundwater 
elevahon differences, the collection system appears to be worlung as designed 

Figure 4. Mound Site Plume Water Elevations 

I 
I 5925 1 

l a  

1 8 5915 

1 55920  

l o :  

3 5900 

12/1/96 411 5/98 8/28/99 1l9/01 5/24/02 1016/03 
I 

15199 - 15299 15399 15499 j Upgradient wells - 
1 
[Downgradrent wells - 15599 - 15699 - 15799 - 3586 
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Well 3586 

4/25/02 1012 1/02 

RFCA Tier II Unit 

I ,  1, I -Tnchloroethane ND ND 200 ug/l 

1 , 1  -Dichloroethene ND ND 7 ug/l 
1,2-DichIoroethane ND ND 5 UgA 

Benzene ND ND 5 ug/l 

AL Analyte Sample Date Sample Date 

I 1 1 , 1  -Dichloroethane ND 15 8 3650 ugA 

Chloroethane ND M3 2 9 4  ug/l 
Cis- 1,2-Dichloroethene ND 091 J 70 ugA 

Tram- 1,2-Dichloroethene ND ND 70 ug/l 
Tetrachloroethene ND ND 5 ug/l 

Tnchlomethene ND ND 5 u g n  
Vinyl Chlonde ND ND 2 ug/l 
Plutonium-239/240 0 0108 J ND pcfl 
Uranium-233,234 0 3 6 4 J  1 77 106 pcfl 

Uranium-235 ND ND 101 pcdl 

U m ~ m - 2 3 8  ND 1 67 0768  pCdI 

As shown on Figure 1, the plan IS to collect analytical samples from four wells located downgradient of 
the collection trench However, during CY2002, only Well 3586 contained sufficient water for sampling 
Analytical results from this well are provided in Table 4 

Previous elevated contamnant concentraOons downgradient of the Mound Site Plume Treatment System 
appear to be the result of residual contamnation rather than contamnahon that has bypassed the system 
Downgradient Well 15699 is located withm the preferenhal flow path for the Mound Site Plume and 
along the trend of the highest plume concentrahons defined m the pre-remedlal investigahon (DOE 
1997a) The analytical results from the pre-remedial groundwater mveshgahon from nearby Geoprobem 
Hole 10797 were 844 mcrograms per liter (ug/l) tnchloroethene, and 261 ug/l tetrachloroethene As 
shown in Figures 5 and 6, these analfical results are roughly the same order of magnitude as those seen 
in Well 15699 By companson, the histoncal concentration of tnchloroethene within the collechon trench 
ranges from 67 to 160 ug/l The trench concentrations are lower because groundwater is collected from 
across the plume area, including lower concentrahon areas 

Based on the similanty between downgradient water quality and the pre-remedial downgradient 
concentrahons, and the dispanty between downgradient and collection trench water quahty, the 
contaminant concentrahons observed in Well 15699 are most ldcely due to residual contamination as 
opposed to contaminants bypassmg the collection system There is no clear trend shown in Figures 5 and 
6 due to the vanations in contaminant levels Conhnued monitonng should provide enough information 
to determine whether some of these values are anomalous or other factors are causing these errahc results 
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Well 3586 is downgradient of the collection system near South Walnut Creek VOC concentrations at 
this location have been consistently below the RFCA Tier I1 Groundwater ALs throughout the year, as 
shown in Table 4 Uranium activities were elevated above the RFCA Tier I1 Groundwater ALs at Well 
3586, only in October As with the VOC concentrations, these are likely the result of residual 
contaminants, and it is anticipated that over time these activities will eventually decrease 

Figure 5. Tnchloroethene Concentrations in Mound Site Plume Downgradient Wells 

1 '-15699 -15799 -A-3586 -15699Trend hne] 

Figure 6. Tetrachloroethene Concentrations in Mound Site Plume Downgradient Wells 

lo00 
900 
800 
700 
600 
500 
400 

300 
200 
100 

I Fa-- I 1 I - -  

7/24/98 2/9/99 8/28/99 3/15/00 10/1/00 4/19/01 11/5/01 5/24/02 

' 15 



Annual Report for the RFE TS Groundwater Plume 
Treatment Systems - January through December 2002 

May 2, 2003 
Page 10 

2.3 Conclusions and Planned Changes 

The Mound Site Plume Treatment System is fully operational and treating contaminated groundwater to 
below specified system performance concentrations The collection trench continues to be effective in 
cutting off and recovenng contaminated water The ongoing treatment system maintenance, raking the 
iron media, retneving flow rate and water level data, and monitonng water quality, are the only necessary 
operational actiwties Both the treatment system and downgradient wells will conhnue to be sampled on 
a semiannual basis, and water levels will be measured quarterly 

The presence of VOCs in downgradient areas is expected to persist It does not appear that contaminants 
will be flushed out of these areas, since the collection trench has cut off the mjonty of the groundwater 
flow in this area Degradation of the contaminants also does not appear to be impactmg contaminant 
levels significantly This is most likely due to lack of sufficient nutnents necessary to sustain a viable 
mcrobial community at this location 

3.0 EAST TRENCHES PLUME TREATMENT SYSTEM 

The East Trenches Plume Treatment System collects and treats contaminated groundwater denved fiom 
the Trench 3 and Trench 4 area These trenches were the pnmary sources for the contaminated 
groundwater plume and were remediated in 1996 as an accelerated action 

Installation of the 1,200-foot-long collechon system and two reactive lron treatment cells, simlar to the 
Mound Site Plume Treatment System, was completed rn September 1999 Locahons are shown m Figure 
7 VOCs are reduced in the treatment cells to the RFCA Tier I1 Groundwater U s  This system requlres 
little maintenance and provides long-term protechon of surface water by collecting and treatrng the 
Contaminated groundwater before it reaches South Walnut Creek 

3.1 Project Activities 

Durrng CY2002, system maintenance included ralung the media in the reaction vessels about 14 hmes 
over the course of the year Media ralung has been reduced because the crust formation continues to be 
minimal Site personnel petformed quarterly water level monitonng and sermannual analytical sample 
collechon In addihon, the discharge line to South Walnut Creek and the flow measurement flume were 
cleaned about four bmes to eliminate bactenal buildup The buildup allows water to back up rnto the 
flume, resulting in erroneous water level readings Because the flow rate is based on the height of the 
water UI the flume, the presence of standing water resulted in higher than actual flow rate readings While 
the problem has been corrected, it is expected the flume will need to be cleaned on a quarterly basis if 
accurate flow measurements are required 

3.2 Treatment Effectiveness 

Total volume of groundwater treated by the system as of December 16,2002 was approximately 5 7 
million gallons, with a little less than 1 million gallons of groundwater treated in CY2002 Th~s is about 
half the volume of what was treated in CY2001 (1 e ,  1 9 mllion gallons), due to effects of the ongoing 
drought 

Daily average flow rates ranged fiom 0 08 to 6 74 gpm, and averaged 1 66 gpm Peak flow rates did not 
appear to be associated with precipitation events As discussed above, higher flow rates are attnbutable to 
water baclung up into the flume 
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Water levels wthin the collection trench, and wells and piezometers downgradient of the collection 
trench, were measured monthly for most of CY2002 Due to the consistent water level elevations, as of 
the 4* quarter of CY2002, the wells and piezometers are now on a quarterly water level measurement 
schedule Monitonng results are presented in Table 5 Histoncal water elevations are shown graphically 
in Figure 8 

Table 5. CY2002 East Trenches Plume Piezometer and Well Water Levels 
(feet above msl) 

!%?& 
NM = not measured 

Figure 8. East Trenches Plume System Water Elevations 

4 8 5830 I I I I 

2 7/15/92 411 I I95 lima 1011 100 6/28/03 
c 

23296 - 3686 60195 - 75992 - 95099 
95199 - 95799 - 95899 -63395 (upgradlent) - 
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North of the trench, water elevations continue to demonstrate a strong downgradient trend to t h F m  
and east, with the groundwater elevations at the piezometers within the collection trench generally 10 k t  
higher than the corresponding piezometers downgradient of the collection trench As can be seen in 
Figure 8, the groundwater elevation difference between Piezometers 95799 and 95899 show that there is a 
strong hydraulic gradient to the east, toward the collection sump While Piezometer 95699 IS Qy all of 
the time, it is evtdent from treatment system flow rates that water is flowing through this part of the 
collection trench 

The collection trench appears to be effective in cutting off downgradient flow Well 95299 is always dry, 
proving that there is no groundwater flow from the ponds or from groundwater bypassing the trench 
Toward the middle of the collection trench, at Well 95 199, groundwater elevations are influenced by 
Pond B-2 and the nearby South Walnut Creek Pond B-2 is isolated from the mam drainage system and 
only collects local area drainage Pond water is usually not discharged but is allowed to evaporate or 
infiltrate into the ground Because of this, the Pond B-2 water level nses when there are precipitation 
events The fluctuations seen in the groundwater elevations for Well 95 199 also appear to be the result of 
precipitation events and reflect influence of Pond B-2 on this area 

Farther downstream, Pond B-3 collects stream water, which is held at a near constant elevation by its 
discharge pipe Well 23296 is adjacent to Pond B-3 and shows less fluctuation (as shown in Figure 8) 
because its water level is dominated by the water levels in Pond B-3 DuIlng trench installahon, water 
flowed into the excavation in this area from the north side, indicating that the hydraulic gradent north of 
the trench is toward the trench because of the ponded water Based on these wells, it appears that there is 
a duect connection between groundwater and surface water downgradient of the collecbon trench, and 
groundwater elevations in this area are domrnated by the stream channel flow and the B-Sene ponds as 
opposed to water flow under or around the collecoon trench 

The groundwater elevation at Well 95099, located east of the collection trench, fluctuated the most, from 
5,842 to 5,850 feet above msl It is evident that this well is influenced strongly by precipitation events 

Water level data h m  wells and piezometers, together wth the volume of water recovered 111 the 
collecbon system, indicate that the collectron trench is worlung as designed 

3.2.1 Treatment Svstem Effectiveness 

Analytical samples were collected semannually at the mfluent and effluent locahons of the treatment 
system to momtor treatment effectweness A summary of these sampling events is provided m Table 6 
The contaminants of concern for this plume are pnmanly tnchloroethene, tetrachloroethene, and carbon 
tetrachloride 

With the exception of one instance of tetrachloroethene, all contammnts were reduced to levels below 
the RFCA Tier I1 Groundwater ALs Some of the compounds in the effluent, such as dichloroethane and 
dichloroethene, may be the result of incomplete chemcal reducaon of tnchloroethene and 
tetrachloroethene The cause for other alkenes, such as hexene and pentene, is unknown but 1s llkely an 
anomaly 

It is anticipated that eventually the effluent concentrations will mcrease as the lron is oxidized, however, 
the effluent concentrations are still relatwely low The system will continue to be monitored to detemne 
when the iron will need to be replaced However, current data indicate that removal of the uon is not 
warranted at this time 
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Table 6. Summary of East Trenches Plume CY2002 Sample Results 

- Notes 
D = diluted 
J = detected at concentrations below the detection limit for this analysis 
ND = not detected at the detechon limit for this analysis 
* = concentrabon exceeds RFCA Tier I Groundwater AL 

3.2.2 UDgradlent Water Oualrtv 

Well 11891 is located upgradient of the collection and treatment system In CY2002, the concentrabons 
of carbon tetrachlonde, tetrachloroethene, and trrchloroethene ranged between 337 to 452 ufl, 157 to 229 
ug/l, and 28 3 to 43 4 ug/l respecbvely As compared to the influent concentraoons presented in Table 6,  
this well had higher concentrations of  carbon tetrachlonde but lower concentrations of trrchloroethene 
and tetrachloroethene This is interpreted as the result of variabons in contamnant concentrabons across 
the plume due to the multiple contaminant sources at the East Trenches However, it is clear from the 
treatment system influent concentrations, that the collection system is recovenng significant VOC 
concentrations fiom groundwater within this plume 
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Uranium233,234 18 1 18 7 

Uranium-235 0 8 8 6 J  0 8 7 7 J  

umlttm-238 13 8 12 4 - 

3.2.3 Downwadlent Water Ouality 

Analytical samples are collected, where possible, from the three downgradient wells and one well east of 
the collection trench Results for CY2002 are shown in Table 7 As noted above, Well 95299 was dry 
throughout the year Wells 23296,95099 and 95 199 contained sufficient water for the scheduled 
semiannual sampling However, if insufficient groundwater was present to collect the full suite of 
samples at one time, the VOC analyses were pnontized over the radiological sampling because of the 
smaller sample volume required 

106 pcfl 
101 pcfl 

0768 f l r f l  

Table 7. Downgradient Well Analytical Results 

Well 95099 is located east of the collecbon system and outside the East Trenches Plume It was installed 
in that location to detemne whether the plume was spreading to the east as a result of the collection 
system. Water quality at this location has remained substanhally unchanged, both histoncally and for the 
current reporting penod Contaminant concentrabons for this well are close to or lower than detection 
limts 

Well 23296 is located near South Walnut Creek, where the East Trenches Plume exits to surface water 
Higher VOC concentrahons observed at tlus well were an early indication that a remedial action should 
be considered for this plume VOC concentrabons in Well 23296 exceed RFCA Tier I Groundwater ALs 
VOC concentrations in Well 95 199 exceed the RFCA Tier I1 Groundwater ALs However contaminant 
concentrations in both wells are much lower than the concentrations seen in the influent These two 
downgradient wells are located within the downgradient pornon of the plume, not intended to be collected 
or treated 
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As shown in Figure 9, there is an increasing trend in trichlomthene concentrations in Well 23296, which 
is pnmanly attributable to an initial spike in concentration after startup The cause of this spike is 
unknown When the initial spike is removed, as shown on Figure 10, the concentrahon trend is relatively 
constant, with a smaller increasing trend Based on the prolonged drought condihons, with mnor 
increasing contaminant trends seen in many wells and declining water levels in both wells and the stream, 
it does not appear that the concentration increase in Well 23296 is due to leakage or underflow from the 
trench 

Figure 9. Historical Trichloroethene Trend in Well 23296 
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Figure 10. Trichloroethene Levels in Well 23296 During System Operation 
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Figures 1 1 and 12 show similar trends with tetrachloroethene concentrations, although there is a very 
slight decreasing trend in tetrachloroethane concentrations when the initial spike is removed 

Figure 11. Historical Tetrachloroethene Trend in Well 23296 
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Figure 12. Tetrachloroethene Levels in Well 23296 During System Operation 
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Some concentration fluctuation in downgradient wells appears to be the result of precipitation, with 
periods of increased precipitation and infiltration resulting in lower concentrations The proximity of 
these wells to the ponds is probably also influencing concentrations because lower levels in the ponds 
could also be decreasing groundwater flow in these areas, resulting in higher concentrations Decreasing 
groundwater flow because of the upgradient dewatering by the collection system could also conmbute to 
the increasing concentrations 

3.3 Conclusions and Planned Changes 

The East Trenches Plume Treatment System is fully operational and treating contammated groundwater 
to specified system performance requirements Ongoing maintenance (1 e ,  d u n g  the lron filings and 
monitonng) will continue In addition, penodic cleanmg of the discharge line from the flow meter is 
necessary due to the buildup of iron bactena Sampling of the treatment system is expected to continue 
semiannually Analytical results will be monitored to indicate when the iron needs to be replaced 

Modifications to the line between the flow meter and the outfall at South Walnut Creek may be necessary 
to prevent uon bactena h m  building up These modificahons would likely mclude mstallation of a 
larger line and/or ensunng that the line has a sufficient grade to prevent holdup, and to keep the line 
cleaner The iron bactena develop in this part of the line due to the presence of reduced won in the 
effluent, combined with oxygen introduced in the flow meter flume 

Simlar to the areas downgradient of the Mound Site Plume Treatment System, the areas of higher 
concentrahons downgradient of the East Trenches Plume Treatment System are expected to perslst 
There is insufficient groundwater flow to move contaminants, and it does not appear that degradatton is 
having a significant effect in this area 

4.0 SOLAR PONDS PLUME TREATMENT SYSTEM 

The Solar Ponds groundwater plume contains low levels of nitrate and uranium, generally attnbuted to the 
storage and evaporation of radioactwe and hazardous liqwd wastes m the Solar Evapomtion Pods from 
1953 to 1986 These ponds were drained and the sludge was removed by 1995 Six interceptor ditches 
were installed in 197 1 to de-water the hillside north and downgradient of the ponds The ongmal SIX 

ditches were abandoned in place, and the Interceptor Trench System (ITS) was installed m 1981 The ITS 
was replaced with a 1,100-foot-long collection system and passive treatment cell contammg uon and 
wood chips in September 1999 The system components are shown on Figure 13 Thls system mtercepts 
the water prewously collected by the ITS 

The Solar Ponds Plume Treatment System is different from the passive, flow-through systems installed 
for the Mound Site Plume and East Trenches Plume As ongmally designed, the treatment cell was to be 
located near North Walnut Creek Water was expected to be intercepted and flow by grawty to the 
treatment cell without detention in the collection trench 

Because the Preble’s Meadow Jumping Mouse (a federally listed threatened species under the 
Endangered Species Act) is present at the optimal location for a flow-through treatment cell, the treatment 
cell was located immediately adjacent to the collection trench, not 400 feet downgradient as was 
onginally planned As a result, the collection trench for dus system was required to hold approximately 
1 1 feet of groundwater within a several-hundred-foot section of the collection trench to develop sufficient 
hydraulic head for the groundwater to flow into the treatment cell DuIlng CY2002, a solar-powered 
collection pump was installed to allow the system to operate more as it was ongmally intended, by 
reducing the hydraulic head in the collection trench 
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Maintenance for the Solar Ponds Plume Treatment System consists of water level monitonng, solar- 
powered pump inspection, and sample collection Because the iron is more dispersed within the treatment 
media, the media does not require raking or other maintenance Based on vendor expenence, it is 
expected that media replacement will be required 10 years after installation 

4.1 Project Activities 

New piezometers were installed in September of 2002 at two locations (Piezometers 7 1 102 and 7 1202) 
(Figure 13) 

The Solar Ponds Plume Treatment System is collechng groundwater containing nitrate and uranium from 
the plume However, untreated groundwater is also reaching surface water at the discharge gallery This 
results in higher nitrate and uranium levels m North Walnut Creek than were observed pnor to system 
installation Based on piezometer data, water in the collection trench was maintaining a constant head 
lower than the discharge line to the treatment system The most llkely explanations for this were that 
water was lealung through the impermeable bamer or into the underlying bedrook 

In October 2002, a solar-powered pump was installed within the collechon trench to pump the collection 
trench water into the treatment cell and to mamtam a lower level of groundwater within the collection 
trench This allows the collection trench to operate more as it was onginally designed and eliminates the 
need for water to be stored within the collection trench By mamtaining a lower water level in the trench, 
more water w l l  be collected and it should reduce or prevent water from bypassing the treatment system 
Installation of the solar-powered pump is expected to reduce the amount of untreated groundwater 
reachmg the stream 

After mstallahon of the pump, it took three to four weeks for the treatment cell to fill because water was 
being lost within the cell System flow rates then mcreased, as shown in Figure 14 While mitial flow 
rates were small, in the past there has not been any flow in November Based on observed pump 
operabon, flow conbnued but was not recorded as effluent because the flow rate was too low to be 
measured. 

Figure 14. Effluent Flow Rates Prom the Solar Ponds Plume Treatment System 
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The drop off in flow was eventually determined to result from the well screen in the sump becoming 
plugged with fine-grained matenals In March 2003, the sump was redeveloped and much of the fine 
matenal was removed The fines recovered fiom sump appear to be native material that collected in the 
trench over time, as opposed to bentonite used in installation of both the collection trench and the sump 
This indicates that clogging of the well screen was due to site conditions rather than improper sump 
design or installation As a result, the screen may need to be cleaned again to maintain optimum system 
operations 

In January and February 2002, water fiom the modular storage tanks (MSTs) was treated in the Solar 
Ponds Plume Treatment System Based on what was known of the uranium and nitrate concentrahons of 
this water, it appeared to be acceptable for treatment Dunng treatment, elevated levels of uranium were 
detected at the discharge gallery As a result, addihon of the MST water mto the treatment cell was 
stopped, the water was resampled, and it was found to have uramum actimhes in excess of 400 picocunes 
per liter (pCdl) Although the reason for these higher levels is uncertain, it is possible that the water 
discharged to the treatment system might have had higher uraruum levels due the disturbance of 
sediments within the tanks dmng draimng, or that uranium acbwhes were concentrated because of 
contmued evaporation of the MST water No additional water was treated from these tanks 

In the past, the flow meter flume somehmes backed up, producing erroneous readings The flow meter 
flume on the Solar Evaporahon Ponds is now cleaned and the calibrahon checked quarterly to improve 
the accuracy of these measurements Dunng CY2002, no other mamtenance activities or system 
modifications were performed for this collection and treatment system. Site staff performed regular water 
level monitonng and sample collechon 

4.2 Treatment Effectiveness 

The total volume of water treated by the Solar Ponds Plume Treatment System between March 2000 and 
December 22,2002 was 458,448 gallons Approximately 5,568 gallons, or about lpercent of the water 
treated to date, was treated m CY2002 Most of this water was fiom the MSTs, which contam water 
collected from the Solar Ponds Plume by the ITS The rest of the water was treated after the mstalhon 
of the pump UI the collection trench Pnor to installahon of the pump, the treatment system only received 
water dunng high precipitahon events Due to drought condrhons, there was insufficient water to induce 
measurable flow pnor to pump installahon Flow rates ranged from 0 to 0 32 gpm 

Water levels wthin the collection trench are monitored at five piezometers The mlet to the treatment cell 
is 5,885 feet above msl and the bottom of the collecbon trench IS approxmtely 5,875 feet above msl As 
shown in Figure 15, water levels in four of the piezometers fluctuate between 5,880 and 5,885 feet above 
msl The fifth piezometer, located at the east end of the trench, has a water elevation of 5,900 feet By 
design, water collected in this part of the trench drains to the west This piezometer is generally dry when 
the water level of the other piezometers drops to 5,880 feet. As shown below, water in the trench was 
lower than in past years, and it was below the mlet most of the year 

Pnor to pump installation, it was ewdent that groundwater was bypassmg the treatment system Water 
levels in the collection trench fluctuated rather than hold a constant level of 11 feet, the height of the 
treatment cell inlet Elevated mtrate and uranium levels in North Walnut Creek indicate that untreated 
groundwater was reaching surfixe water Water quality in North Walnut Creek continues to be well below 
applicable standards for mtrate and uranium despite the apparent bypass of the treatment system Water 
levels in the downgradient wells of the system were monitored monthly These data are prowded in Table 
8 Quarterly monitonng was iruhated in October 2002 
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Figure 15. Solar Ponds Plume Collection Trench Piezometer Water Levels 
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Table 8. Groundwater Elevations in Downgradient Solar Ponds System Wells 
(feet above msl) 

I Well I Jan I Feb 1 1786 1 586391 5863 78 

70099 587686 587484 

70299 587732 587669 

I 71102 I -I 
71202 I I 

Mar 1 Apr 

5863 93 5863 92 

5875 48 5876 28 * 5876 95 5876 71 

-I 
-I 

May I Jun 1 Jul 1 Aug 

-1 -1 -I 
I I I 

5876 47 5877 48 

587588 5876.38 NM 
5860.29 586322 

*2 

Notes 
NM = water elevahon not measured 
- = not yet installed 

As show in Table 8, and on Figure 16, the groundwater elevabons m the downgradient wells, colluvlal 
Well 70099, bedrock Well 70299, and Well 1786 adjacent to South Walnut Creek, were relahvely stable 
dunng CY2002 Groundwater elevations m the two new piezometers (Piezometers 71 102 and 71202) 
increased six to 10 feet since installation This mhal nse may be a result of the water levels equilibratmg 
in the bght formations after well installation. By December 2002, the groundwater elevanons in the new 
piezometers were shll lower than those seen wthm the collechon trench and the immediately 
downgradient wells (Wells 70099 and 70299) 



Annual Report for the RFETS Groundwater Plume 
Treatment Systems - January through December 2002 

May 2,2003 
Page 23 

29-Jan-02 

28-Feb-02 

28-Mar-02 

5-Apr-02 

~ 

Figure 16. Solar Ponds Plume System 2002 Downgradient Well Water Elevations 

162 25 19 No flow No flow 209 68 

198 23 48 No flow No flow 236 11286 

157 24 92 No flow No flow 165 50 1 

0 39 0 217 41 5 

5880 - 

1/1/2002 4/1/2002 6130/2002 9/28/2002 12/27/2002 

Date 

27-J~n-02 

30-J~l-02 

28-Aug-02 

+Well 1786 
+Welt 70099 

Well 70299 
+Well 71102 

Wdl71202 

-- 

171 3 18 No flow No flow 247 4 58 

194 20 94 No flow No flow 263 32 39 

I70 23 87 No flow No flow 230 47 41 

4.2.1 Treatment Svstem Effectweness 

28-Oct-02 

25-Nova2 

30-De-02 

Monthly samples for tutrate and uranium collected from the treatment system influent, eflluent, and 
discharge gallery are provided in Table 9 Because of the depth of the collection cell and the iniluent 
lines, the influent groundwater concentrations are measured at the piezometer wthin the collection trench, 
closest to the treatment cell 

200 9 55 No flow No flow 240 28 94 

140 22 1 No flow No flow 150 29 

200 24 056 No flow No flow 230 34 385 

Table 9. Solar Ponds Plume Treatment System CY2002 Analytical Results 

I I SPP Influent I SPP Effluent 1 SPPDlrchnrneGallerv I 

I Collection Date Total Uranium I Nit$ ]Total;thn I 

I 30-Apr-02 I 24731 Noflowl No flow) 

I 23-Sep-02 I 1701 384)  Noflowl No flow1 2301 12 8) 

- Notes 
- = notsampled 
SPP = Solar Ponds Plume 
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Figures 17 and 18 show the changes in uranium and nitrate since the system was installed Influent and 
discharge gallery nitrate concentrations were above average for the year, most likely because of drought 
conditions Uranium influent activities ranged widely, between 3 18 and 38 4 pCd1 Although the higher 
values might be ambutable to drought, the cause for the lower values is uncertain, but may indicate a 
problem with laboratory analysis The discharge gallery uranium activities ranged between 4 58 and 
112 86 pCd1 The higher values appear to be ambutable to the addition of the MST water The lowest 
value corresponds to the lowest value in the influent 

Figure 17. Solar Ponds Plume Treatment System Nitrate Concentrations 
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Figure 18. Solar Ponds Plume Treatment System Uranium Activities 
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When there is effluent flow, the effluent concentrations continue to be much lower than predicted It was 
previously thought that this was most likely a result of the increased residence time due to low flow rates, 
however, higher flow rates have been acheved and the system continues to remove over 99 percent of the 
nitrates and uranium in the influent At startup, it was likely that most of the uranium removal and 
possibly the nitrate reduction was due to the zero-valence Iron, however, since a viable bactena 
community has developed it is possible that reduction is being controlled by rmcrobes and that iron is not 
having as much of an effect This could explain why the results appear to be better than what bench-scale 
testing would predict 

As described earlier, when water is added to the treatment cell, there is a delay between influent flow and 
effluent flow of anywhere fiom a few days to a month, which appears to be due to the cell refilling At 
this hme, there does not appear to be a leak in the cell because of the way it was constructed and the 
efforts made to ensure that it was watertight One possibility is that the organic media over the top of the 
cell might be wickmg water out of the cell, bmgmg it near the surface where it undergoes 
evapotranspiration The top of the treatment cell is filled with wood chips covered by soil While there is 
a h e r  over the treatment cell, this liner is not waterhght It is also possible that siphonmg is occunrng 
during discharge, droppmg the water in the treatment cell below the level of the dlscharge line Although 
the eMuent lines are vented, if one or more of the vents are clogged then siphomng is possible The vents 
could have become clogged with an aerobic bactena (as opposed to the anaerobic bactena that fills the 
cell), since the water inside the cell is nch with nutnents and this is the one locabon in the cell where 
oxygen rmght be introduced 

The discharge gallery is most llkely discharging both groundwater that is bypassing the treatment cell and 
groundwater denved fiom the pre-exisbng downgradient part of the plume that contams nitrate 
concentrabons consistently above 500 mg/l (mlligrams per liter) This downgradient part of the plume is 
contnbuting higher mtrate and uranium contammated groundwater to the discharge gallery, resulting in 
higher concentrabons than are observed at the lnfluent to the system The addition of the pump is 
expected to reduce this problem by adding more treated water to the discharge gallery, diluhng the 
contnbuhon fiom the distal porhon of the plume 

The nitrate concentrabon observed at Well 209489, upgradient of the collection system, was 183 mg/l and 
the actlvlhes in this well for uranium-233/234,235 and 238 were 33 3 pCA, 0 953 pCd1 and 28 7 pCd1, 
respechvely The nitrate concentrahons are about the same as the influent concentrations to the treatment 
system and the uranium levels are about tvvlce as high, indicating that uramum is not as mobile as nitrate 

4.2.2 Downeradient Water Quality 

Analytical samples were collected quarterly fiom the three downgradient wells The data for these wells 
are provided in Table 10 The new piezometers were not sampled Wells 70099 and 70299 are twinned 
wells in the colluvium and the bedrock, respectively In the past, the bedrock well has somebmes 
contained sufficient water for sampling, while the adjacent colluvtal well has not However, in CY2002, 
there was sufficient water to sample both wells quarterly even though drought condibons were dominant 
throughout the year 

As inhcated in Table 10, rutrate concentrations in the immediately downgradient wells are lower than 
those observed at both the collection trench and the discharge gallery As previously observed, the 
uramum activity in the colluvial well (Well 70099) exceeds background activities and is higher than 
elsewhere in the collection and treatment system In addition, the uranium activity is much higher than 
that of the adjacent bedrock well, indicating a preexisting higher activity in the colluvium 
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1 i9/02 

41 1 6/02 

711 2/02 

Table 10. Solar Ponds Plume Downgradient Well Analytical Results 

415 39 6 1 5f 

315 37 4 106 

30 1 27 2 2 14 

Well 

71 1 0102 

1 01 1 8/02 

1786 

13  107 5 89 

1 4  95 6 4 12 

70099 

41 1 9/02 

711 1/02 

10/14/02 

70299 

0 03 5 79 0 189 

0 02 3 79 0 164 

0 038 5 91 0 549 

Nitrateihbtrite 

8/6/02 I 3201 34 91 1 23 

10/10/02 I 342 I 30 91 2 31 

1/17/02 I 131 99 81 4 13 

4/19/02 1 0 571 1101 4 oa 

1/17/02 I 0 0991 5 321 0 189 

I Uranium-238 
(Pcm 

24 21 

2s 21 

68 I 

72 41 

I 

41 
3 16 

Well 1786 is located downgradient, within the same part of the nitrate plume that influences the drscharge 
gallery Nitrate concentrations at this locatton are currently 300 to 400 mgll, much higher than what is 
observed in the treatment system influent or at the discharge gallery Uranium actiwbes m th~s area are 
also consistently elevated. The source for this downgnubent plume 1s believed to be leakage of 
histoncally higher uranium- and nitratecontammated groundwater h m  the ITS sump Observations of 
this sump have shown that it was not watertight and histoncal data h m  this location have high rutrate 
levels in the water and sediment The sediment sample collected from the sump in March 2003 had a 
mtrate concentrahon of 159 mlligrams per lulogram (mg/kg), showmg that the sump is no longer a 
significant source of contarmnahon 

Water quality was measured at the Solar Ponds Plume discharge gallery, surface water station GS13, 
located in North Walnut Creek immediately downgradient of the Solar Ponds Plume, and downgradient 
Pond A-3, which accepts the water that passes through GS13 GS13 and Pond A-3 were monitored 
frequently to venfL that concentrahons at both locahons are well below the temporary stream standard for 
nitrate of 100 mgll The 100 mg/l nitrate standard is a temporary d i f i c a h o n  of the underlytng stream 
standard of 10 mgll nitrate 111 North Walnut Creek (DOE 1999) Table 1 1 provides a sununary of these 
analytxal data 
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Date 

29-Jan-02 

GS13 SPP Discharge 
Gallery Pond A-3 SPP Discharge GS13 

Gallery 
Nitrate (mg/l) Total Uranium (pCln) * 

2091 24 91 7 68 I 12 18 

28-Feb-02 

28-Mar-02 

5-Apr-O2** 

30-Apr-02 

127-Jun-02 I 46 81 4 581 1561 

236 25 3 9 6  I12 86 IO 66 

165 15 7 6  50 1 8 7  

41 5 

230 35 7 5 3  33 16 13 7 

30-JuI-02 

28-Aug-02 

23-Sq02 

28-0ct-02 

125-Nov-02 1 

263 No flow <o 05 32 39 No flow 

230 No flow 0 47 41 No flow 

230 20 0 14 12 8 0 71 

240 26 1 28 94 20 19 

1 sol 

Minimum 

Maximum 

Average 

2 71 

96 9 7 8  0 4 58 0 71 

263 468 9 6  11286 20 19 

210 6 23 85 3 6  39 5 8 97 

29 t 7 111 

As discussed above, the concentrations of nitrate at the discharge gallery are higher than the treatment 
system influent because the pre-existing, higher concentratlon porhon of the plume is adjacent to the 
discharge gallery As shown in Figure 19, there is a downward trend in mtrate concentrabons at the 
discharge gallery, partly attnbutable to the lower concentration groundwater flowing into this area from 
the treatment cell 

GS 13, located in North Walnut Creek, is the performance monitonng location for the Solar Ponds Plume 
Treatment System (DOE 1999) In CY2002, the mtrate concentrabons were generally higher than m 
CY2001 For CY2002, the 85th percentlle concentration of mtrate is 32 3 mg/l This is about a 25 
percent increase over the CY2001 85th percentlle nitrate concentration of 25 9 mg/l This apparent 
increase is likely due to decreased flows m North Walnut Creek as a result of persistent drought 
conditions There was no flow at all during the July and August sampling events Precipitation measured 
at Rocky Flats in CY2002 was 7 9 inches, almost half of the Site’s normal average 

J 
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Pigure 19. Nitrate Concentrations in Solar Ponds Surface Water Locations 
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The nitrate concentrations stdl remain well below the applicable surface water standard of 100 mg/l (DOE 
1999) At Pond A-3, located downstream of GS13, nitrate concentrations have been declining steadily 
since March 2000, and they were below 10 mg/l throughout CY2002, even with less dilutton from surface 
water than in past years, due to a lack of stream flow The concentrafions are lower in Pond A-3 than 
GS 13, probably due to dht ton from downstream water sources and phytoremediatton wdun the pond 

As mdicated in Table 1 1 and depicted in Figure 20, uramum actiwties at GS 13 vaned greatly dmng the 
year and were sporadically above 10 pCd1 However, sample results from the outfall to Pond A 4  (1 e , 
GS 1 1, the RFCA point-ofcompliance [POC] for uranium), remained below 10 pCln throughout the 
year Outfall sampling occurs dunng discharge events, which occurred only three times u1 CY2002 
Samples were collected May 16&, May 20fh and October 24* Total uramum activities were 3 059 pCdl, 
2 662 pCdl and 1 475 pCdl, respectively, well below the standard and within the range of histoncal 
~ r a ~ u m  actiwties for this location 

4.2.3 Conclusions and Planned Changes 

The Solar Ponds Plume Treatment System is currently collectmg groundwater contcunmg nitrate and 
urafllum from the Solar Ponds Plume and the treatment cell is provldmg treatment for nitrate and m i u r n  
as designed Performance monitonng data show that the surface water is well below the applicable 
standards of 10 pCdl uranium and 100 mg/l nitrate, as specified m the Final Solar Ponds Plume Decision 
Document (DOE 1999) The 100 mg/l nitrate standard is a temporary modification of the underlymg 
stream standard for nitrate (10 mg/l) in North Walnut Creek (DOE 1999) 

System performance continues to be evaluated by momtonng water levels and collecting samples 
Because water levels within the collection trench and nearby wells remain stable, these are monitored 
quarterly The treatment system influent, emuent, discharge gallery, and GS13 are sampled monthly to 
monitor system performance and impacts to surface water 



Annual Report for the RFETS Groundwater Plorne 
Treatment Systems - January through December 2002 

May2, 2003 
Page 29 

80 i z  

Additional maintenance will be performed on the collection sump if fines build up again, and 
maintenance will be repeated until the sump and the matenals around it are hlly developed 

A 

Figure 20. Uranium Activities in Solar Ponds Surface Water Locations 
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5.0 OU1,881 HILLSIDE GROUNDWATER TREATMENT SYSTEM 

The OU1,881 Hillside groundwater collechon and treatment system was mtalled in 1992 It consisted 
of a 1,435-foot-long French drain and a separate upgradient Collechon Well The French drain was 
installed to prevent potenhal downgradient contamnant migration wtth collected water treated in the 
Consolidated Water Treatment Facility (CWF)  The Collechon Well previously collected VOC- 
contamnated groundwater from withm the contarmnant plume 

Groundwater collected by the French drain was consistently below RFCA Tier I1 Groundwater ALs 
Therefore, the OU1 Corrective Action DecisiodRecord of Decision (CADROD) (DOE 199%) included 
decomssiomng the French dram The French dram was decomssioned in CY2000 Data are no 
longer collected at this location 

Declming concentrations were also seen at the Collection Well The Final Major Modification to the 
OU1 CADROD, signed in January 2001 (DOE 2001), mcluded continued extraction and treatment of 
groundwater fiom the Collechon Well for an additional one-year penod to veri@ this downward trend In 
accordance with the terms of the Final Major Modification, water recovery and treatment fiom the 
Collechon Well were terminated in Apnl2002, because of the continued decline in contaminant 
concentrations 
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Tnchloroethene 

Carbon Tetrachlonde 

Water sampled from the Collection Well between January and March 2002 was treated at the CWTF 
The water volume treated was 1,305 gallons Table 12 shows the volume of water collected during these 
three months 

297 E - 473 500 

14 4 -22 1 500 

Table 12. Volume of Groundwater Collected from the OU1 Collection Well 

1,1,2-Tnchlorotnfluoroethane 

1,1 -Dichloroethene 

1,1,1 -Tnchloroethane 

I Month 1 Januarv I Februarv I March I Total I 

~~ 

3 4 - 5 7 6  

16- 17 700 

2 0 1  - 3  20,000 

Water collected (gallons) 835 370 I 100 I 1,305 1 

2- Methyl Naphthalene 

Methyl tert-Butyl Ether 

5.1 Project Activities and Status 

13 J 146,OOO 

1 32 

The Collection Well continues to be sampled quarterly The CY2002 VOC analytes that are above 
detection limits are provided in Table 13 Figure 21 shows the tnchloroethene concentratlons relative to 
time Figure 2 1 also illustrates the general trend of higher concentratlons dunng dryer penods and the 
overall downward trend Even with the continued drought, tnchloroethene and other contarmnants 
remained below the RFCA Tier I Groundwater ALs throughout the year 

Table 13.0U1 Collection Well Analytical Results for CY2002 Sampling Event 

Analyte I RFCA Tier I I Groundwater AL (ugh) Concentrahon (ugh) I 
I Tetrachloroethene I 3 6 5 - 4 1 8  I 500 I 

I ChIorOfom I 092J-251 I 10,OOo I 
I Methylene Chlonde I 2 5 B - 1 3 4 B  I 500 I 

I 1- Methyl Naphthalene I 19J I - I  
1 I I I 

- Notes 
B = Detected tn sample blank 
E = Eshmated value 
J = Detected at concentrations below the detection limit for this analysis 

36 
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Figure 21. Trichloroethene Concentrations in the OU1 Collechon Well 
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5.2 Conclusions and Planned Changes 

Consistent wth  the modified CADROD, the Collechon Well was operated for one year after the signtng 
of the Final Modification (DOE 200 1) As of Apnl2002, collechon of groundwater from the Collection 
Well ceased Per the modified CADROD, monitorrng of the Collechon Well will contmue in order to 
venfjl that levels are below RFCA Tier I Groundwater ALs 

Other wells 111 the area of the Collechon Well were sampled recently and were shown to have 
concentrations that exceeded RFCA Tier I Groundwater ALs This will not affect the OU1 CADROD 
Final Modification because 

There is no impact to surface water from this groundwater and the descnption of the pathway to 
surface water 111 the OU1 CADROD Final Modificatron is strll accurate, and 

Collectron of water from the Collection Well is not llkely to improve water quality in these wells 
since clay and possibly some organic matenal in the soil contrnue to act as reservolrs for VOCs 
Since equilibnum relationships favor matenals in the soil versus the groundwater, these will only 
very slowly be removed through groundwater extraction technologes 

37 
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January 

February 

March 

6.0 OU7, PRESENT LANDFILL PASSIVE SEEP INTERCEPTION AND TREATMENT 
SYSTEM 

70,867 

59,777 

68,05 1 

Groundwater contaminated with low concentrations of vinyl chlonde and benzene discharges at a seep at 
the eastern end of the Present Landfill (OU7) These contaminants are penodically above RFCA Surface 
Water ALs 

May 
June 

July 

The current passive seep interception and treatment system has operated since October 1998 The water 
is collected in a settling basin, flows through a pipe to a set of stepped flagstones, and then flows over a 
six-foot-long bed of gravel before discharging into the East Landfill Pond Flow is measured at the point 
of discharge In accordance wth the Proposed Action Memorandum (PAM) for the OU7 Passive Seep 
Interception and Treatment System (DOE, 1998), water quality samples are collected from the treatment 
system discharge endpoint (SW00196), defined as the point six feet downstream from the last aerahon 
step Water released from the treatment system is collected in the East Landfill Pond, which is 
periodically pumped into Pond A-3 in North Walnut Creek All water in North Walnut Creek passes 
through two RFCA POCs before it is discharged from the Rocky Flats Site 

50,288 

55,232 

67,309 

6.1 Volume of Seep Water Treated 

August 

September 

October 

November 

December 

The total volume of seep flow measured and treated in CY2002 was 648,2 17 gallons The volume treated 
by month is shown 111 Table 14 

59,896 

42,03 1 

4 0 4  1 

37,998 

32,160 

Table 14. Volume of Water Treated in the Present Landfill Passive Seep Interception and 
Treatment System During CY2002 

I I Month I Volume (gallons) 

I Apnl I 64,167 I 
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Cis 1,2-I)lchloroethene 

Benzene 

6.2 Treatment Effectiveness 

70 
1 

Samples are collected and analyzed semiannually, in June and December Sampling requirements are 
based on the Performance Evaluabon Report (K-H 2000) and the Sampling and Analysis Plan (SAP) for 
the OU7 Passive Aeration System (K-H 2001a) Analytical results are compared to RFCA Surface Water 
ALs to assess treatment system performance 

Chloromethane 
Ethylbenzene 

Methylene Chlonde 

In accordance with the SAP, only VOC samples are currently collected and analyzed All parameters 
analyzed in CY200 1 were within RFCA standards, except benzene The benzene concentrabon was 
between 0 94 to 1 6 ugA for all sampling events The RFCA standard for Segment 4 is 1 ug/l The other 
standards are shown in the Table 15 

5 7  

680 

5 

Table 15. Present Landfill Treatment System Water Analytes and Performance Standards 

Tetrachloroethene 

Toluene 

VOC Analytes I 

5 

1 ,OOo 

I RPCA Surface Water Standard 
(ut$) 

Tnchloroethene 

Vinyl Chlonde 

2 7  

2 

I Xylene(T0tal) I 10,OOo 1 
~~~~ ~ ~ 

RFCA values are based on RFCA Attachment 5 Table I ,  Surface Water 
Action Levels & Stanah&, March 2000 

The SAP states that if a RFCA standard is exceeded in the semannual momtonng, then a sample will be 
collected and analyzed the month followmg receipt of validated data Prelimnary data are received from 
the analmcal laboratory within a month of sampling and validated results are received one month later 
A sample taken m December was 1 6 ug/l and a followup sample was taken in January of 1 3 ugll These 
values are so close to the detechon limt of 1 ug/l for benzene that they rmght not actually be over the 
surface water standard The result of the February sample was 1 ug/l Based on these analytical results, 
sampling was performed quarterly in CY2001 for benzene The results are shown in Table 16 for the 
penod June 2000 through February 2003 

The water discharging from the Present Landfill Passive Seep Interception and Treatment System 
generally meets all RFCA Surface Water ALs, except for rmnor, intermittent exceedances of benzene As 
stated in the RFCA Action Level Framework (ALF), the Segment 5 temporary modification to the stream 
standard for benzene is 5 ug/l, and the Segment 4 stream standard is 1 ug/l (the RFCA AL is applied as a 
standard in Segment 4) The temporary modificabon is in place until December 3 1,2009 While the East 
Landfill Pond is located in Segment 4, water from the pond is transferred about once a year to the A- 
Senes ponds in Segment 5 Benzene is not an analyte of interest at the POCs at Pond A-4 or Walnut 
Creek and Indiana Street 
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March 2001 

June 2001 

September 200 1 

Table 16. Benzene Concentrations in Present Landfill Treatment System Effluent 

1 

2 (duplicate sample concentration was 1 ug/l) 

1 4  

I 
~~ I Month I Benzene Concentration (ugll) 

I June 2000 11  I 
I July 2000 I 1 (special sample) I 
I December2000 1 2  I 

~~ 1 December 2001 1 6 3 5  

I June2002 094 J 

I December2002 1 1 6  I 
I January 2003 I 1 3  I 
I February2003 I 1  I 
m!zi 
J = Estimated below detectton limit 

The results for September and December 2001 were reported to the tenth of a microgram due to 
diffennces in protocols and repomg between different laboratones 

6.3 Conclusions and Planned Changes 

Monitonng will contmue under the PAM (DOE, 1998) unul post closure monitoring begm upon closure 
of the Present Landfill m FY2004, as descnbed m the Intenm Measue/Intenm Remedial AcQon 
(MIRA) Decision Document and Closure Plan for the Present Landfill (DOE, in progress) 

7.0 PU&D YARD PLUME TREATABILITY STUDY 

A plume of VOCcontamnated groundwater ongmates fiom a contamnant source located in the PU&D 
Yard at RFETS Investigation results indicate that subsurface VOC contamination is present in only a 
few locations and the pnmary contaminant is tetrachloroethene (K-H 2001b) 

A treatability study was conducted to evaluate the effechveness of Hydrogen Release Compound (HRCq 
for enhancing natural attenuabon of the VOCs in the groundwater and soil at the PU&D Yard Plume (K- 
H 200 1 b, K-H200 lc) HRC@ is a proprietary, enwonmentally safe, food quality, polylactate ester 
formulated for slow release of lactw acid upon hydration 

The HRC@ stimulated rapid degradation of chlonnated VOCs found in groundwater and soil at this 
location by malung low concentrations of hydrogen available to the resident microbes to use for 
dechlonnation The HRC@ was a one-time application that, according to the manufacturer, Regenesis, 
was expected to stimulate contaminant degradation at the project site for approximately one and a half 
years However, because some of the HRC? was inserted above the water table and the water table 
fluctuated considerably, it appears that additional degradahon of contaminants within the vadose zone 
occurred through CY2002 and will likely conhnue through CY2003 This project was a cooperative 
effort between RFETS and the DOE SCFA Funding was provided by DOE SCFA 
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7.1 Project Achvihes 

The treatability study is located within the source area and that portion of the PU&D Yard Plume 
exhibiting the highest contaminant concentrations (Figure 22) A monitoring (Well 30900) was installed 
in this area immediately adjacent to Borehole 17497, where the highest concentrations of VOCs m soils 
were detected An additional monitonng well (Well 3 1001) was installed slightly downgradient of the 
source area in January 2001 as part of this studg Baseline samples were collected from these two 
monitonng wells pnor to insewon of the HRC 

Beginning in February 200 1, 16 matenal inserhon points (MIPS) were used to place over 800 pounds of 
HRC@ into the subsurface within a 10-foot by 6-foot area withm the source area of the plume (Figure 23) 
The inihal grid consisted of nine points Additional GeoprobeTM boreholes used as MIPS were spaced 
between these initial locations, biased to the upgradient part of the source area HRC@ insertion was 
completed on March 1,2001 Subsurface conditions were allowed to stabilize for two months, before 
monthly sampling was initiated Apnl30,2001 

7.2 Treatment Effectiveness 

Results from the initial baseline samples and the monthly sampling events through late November 2001 
are reported in Table 17 The previous samples from the pre-existing monitonng well (Well 30900) in the 
source area are included for completeness In addtion, results from the one-time-only groundwater 
sample from MIP3 are also provided in Table 17 

As shown in Table 17 and on Figure 24, concentrahons of tetrachloroethene, tnchloroethene, and cis 12- 
dichloroethene in the source area well (Well 30900) increased after mserhon of the H R P ,  then 
decreased Tnchloroethene and cis 1,2dichloroethene are common degradabon products of 
tetrachloroethene According to Regenesis, approximately 70 to 80 percent of project sites see an inihal 
increase in VOC concentrations before a downward trend is observed It was anticipated that thls 
downward trend would contmue, however, the cycle repeated itself when the water table rose agam m the 
Sprmg of 2002 It is anhcipated that the cycle will repeat agam m CY2003, especmlly smce the water 
table did not nse as much in CY2002 as it does in normal precipitat~on years, due to the drought. As 
indicated on Figure 25, data from the downgradient well (Well 3 1001) show a similar overall pattern 

The inihal, expected increase m tetrachloroethene in groundwater was most ldcely due to one or a 
combination of the following condihons 

A change in the surface tension of free phase solvents m the pores that would cause more solvent to 
be released from the pores 

A change in the relative solubility of the tndivldual VOCs due to the presence of lactic acid m the 
aqueous phase that would allow more VOCs to go into solution 

Other changes in liquid and orgaruc phases caused by changes in pH, temperature, omdation 
reduction potential (OW), etc caused by addihon of lachc acid or by increases in biological achvity 

A seasonal increase due to the nsing water table and release of additional contamnants from the 
vadose zone 

0 
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Table 17. Preliminary Treatability Study Results (ug/l) 

Sample Location 

Groundwater Tier I> 5 5 7 7 7 2 

ND - not detected 
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Figure 24. Tetrachloroethene and Degradation Products Concentration versus Time in 
Well 30900 
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Figure 25. Tetrachloroethene and Degradation Products Concentration versus Time 
in Well 31001 
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Figure 26 better demonstrates the relationship between the depth to water and the tetrachloroethene 
concentration in the source area well (Well 30900) When the HRC@ was inserted, much of it appears to 
have been inserted into the vadose zone rather than below the water table As the water table nses into 
the vadose zone, HRC@ is released, inducing more biological activity At the same time, additional 
contaminants are available since more contaminated soil is now below the water table and available for 
biologcal and chemical degradation Figures 27 and 28 show the same phenomenon as a mole fracbon 
The relative amounts of degradation byproducts increase as additional degradation occurs and the zone of 
anaerobic degradation increases Eventually these byproducts are also degraded and thelr mole fracbon 
decreases 

Figure 26. Tetrachloroethene Concentration and Depth to Water in 
Source Area Well 30900 versus Time 
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Figures 24 and 27 also show that in the source area the Cis 1,2dichloethene is in much higher 
concentrations in the source are well than ~tl the downgradient well Cis 1,2dichloethene is more 
resistant to anaerobic bactenal degradahon than tetrachloroethene and its other byproducts However, 
according to Regenesis, aerobic bactena can more readdy degrade it. In the downgradient well, as 
conditions become more aerobic, the Cis 1,2docholorethene appears to be readily degraded to vinyl 
chloride and then to ethane Vinyl chlonde is so readdy degraded that it only appears occasionally in 
very low concentrations 

The initial increases in concentrations indicate that VOCs are being transferred from the soil to an 
aqueous phase, potenbally accelerating both soil and water remediation Typically, the VOCs trapped in 
the saturated and vadose zones have been the most difficult phase to remediate and conbnue to act as a 
contaminant source If these are being mobilized and then biologcally degraded along with the dissolved 
phase, this is a much more robust treatment methodology than simply biologically degrading the 
dissolved fraction 
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As shown in Table 17, the presence of other degradation products such as trans 1,2dichloroethene, 1,l- 
dichloroethene and vinyl chlonde demonstrates that degradation is occmng because these contaminants 
were not associated with releases at the PU&D Yard The increase in the ratio of degradation products 
relative to tetrachloroethene concentrations confirms that degradation is occurnng Figures 27 and 28 
show this increase in degradabon products over time 

Vinyl chlonde is the last degradation product generated prior to the degradation to ethene The small 
quantities of ethene produced are expected to offgas rather than be detected 

The area of anaerobic degradation appears to expand and contract with water table fluctuations The area 
expands as the HRC? is released and contracts as it is consumed Figure 29 shows how oxidation 
potential changes with time u1 both the source area well (Well 30900) and in the downgradient well (Well 
31001) Reduced conditions in the source area well increased as the anaerobic bactenal community 
developed Since it is at the center of the community, it has remained in a reduced state 

Figure 27. Mole Fraction Percent of Tetrachloroethene in Source Area Well 30900 
Relative to its Degradation Products Over Time 
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Figure 28. Mole Fraction Percent of Tetrachloroethene in Downgradient Well 31001 
Relative to its Degradatron Products Over Time 
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Figure 29. Oxidation Reduction Potential in PU&D Yard Wells versus Time 
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Downgradient, the area of reduced conditions increased but then contracted when the HRC? was 
consumed and the area of anaerobic degradation shrank When the water table rose, and more HRC@ 
became available, the area of reduced conditions again expanded Figure 29 also shows seasonal 
vanations in the downgradient well When more HRC@ was released in the Spring of 2002, the area of 
anaerobic bactena expanded to include this well and the oxidation-reduction potential again dropped 

The most promising thing about this technology is not so much effectiveness on contamnants in the 
dissolved phase but its effectiveness on the organics trapped in the soil that would normally act as a 
continuous source of contaminants Pump and treat systems and passive systems such as the Mound Site 
Plume and East Trenches Plume treatment systems only treat the groundwater plume These systems are 
expected to operate for many years since the trapped orgatllcs wll  contmue to feed these plumes With in 
situ biodegradation, organic compounds are liberated from nucropores and consumed over a relatively 
short period of time 

In September 2002, Borehole 17497 was twinned with a new borehole (Borehole BW52-000) to 
d e t e m e  whether soil concentrahons were stgmficantly reduced Samples were taken at two-foot 
intervals from 0 5 feet below the surface down to 15 5 feet below the surface and analyzed for VOCs 

Figure 30 shows the differences in tetrachloroethene concentration with depth between the onginal 
sample and the sample after treatment Pnor to HRC? insemon, the highest concentration of 
tetrachloroethene was 5,700 u@g occurnng below the water table at a depth of 11 25 feet The more 
recent sample fiom the corresponding borehole rnterval had a tetrachloroethene concentrahon of 140 
ugkg or a 97 5 percent reduchon in concentraboa As can be seen in Figure 30, there appears to have 
been a reduchon in tetrachloroethene both above and below the water table 

Figure 30. Lithology and Soil Concentrations of Tetrachloroethene in the Source Area 
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7.3 Conclusions and Work Planned 

The contmued decrease in tetrachloroethene and appearance of its byproducts provide direct evidence that 
the contaminant plume is being degraded However, quarterly monitonng will continue unhl sufficient 
data are collected to establish the effectweness of the H R e  Other than rnonitonng, no additional work 
is planned for this site A treatability study report was completed m October 2001 It provides additional 
information on the treatability study (K-H 2001~) 

In situ biodegradation appears to be one of the most viable technologes for future groundwater 
remediation at Rocky Flats It appears to be best suited for areas wth organic compounds trapped below 
the water table although it could be a viable technology above the water table In areas where there are 
large quantities of free phase organic compounds, other technologies mght be more viable or might be 
combined with in situ biodegradation 

.- 
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